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Abstract   
Introduction: Osteoporosis is a systemic skeletal disease with a consequent increase in bone 
fracture. The purpose of this study was to determine skeletal changes induced by two types of 
exercise therapy in osteoporotic rats. 
Materials and methods: Among 30 male rats, 6 of them were selected as healthy group, 
Then Osteoporosis induced in other rats by intraperitoneal injection of 20% ethanol solution 
(3g/kg/day) for 3 weeks. Osteoporotic rats divided into 4 groups: Baseline, resistance, 
endurance and control (n=6). The two exercise groups completed 12 weeks of training, 5 
days/week according to protocols. Endurance protocol included running exercise on a 
treadmill for, 12 m/min, 10 to 64 min/ day. The Resistance training protocol consisted of 8 
series of climbing on the 110cm vertical ladder angled at 80º with weights tied to animal tail 
that was increased from the 50% of the body mass of the animal in the first series to100% in 
the eighth series. At the end of the training, the animals were euthanized, and the BMD of the 
femur and the L4 + L5 vertebrae were measured using DXA and tensile max load of the tibia 
and compression max load of the L5 were measured applying Zwick 2.5 machine. The 
collected data was analyzed using paired t and one way ANOVA tests. 
Results: The two groups of the exercises had significantly increased femur BMD compared 
to controls (P=0.035, P=0.001). L4+L5 BMD in resistance training and control groups was 
significantly greater than endurance group (P=0.001, P=0.001). The tibia tensile maximum 
load and L5 maximum load in resistance group were significantly greater than control 
(P=0.01, P=0.03). 
Conclusion: Resistance training induces more effective favorable changes in bone mineral 
status and bone strength as compared to endurance exercise in osteoporotic male rat. 
Keywords: Osteoporosis, Exercise therapy, BMD, Bone mechanical strength
Introduction  
Osteoporosis is a disease characterized by 
compromised bone mass and strength, 
resulting in an increase in bone fragility 
(1). 50 percent of men and 70 percent of 
women of up to 50 years old in Iran suffer 
from osteoporosis or osteopenia (2). Hip 
and vertebra compression fractures are the 
most prevalent fractures in osteoporotic 
patients which besides high medical 
expenses (7), have high mortality risk (3, 
4). Secondary side effects of osteoporosis 
such as vertebral deformity due to the 
anterior vertebral compression can also 
result in symptoms like back pain and 
aspirational deficiency (4-6). While there 
are many pharmacological agents available 
for the prevention and treatment of OP, 
like Bisphosphonates, widespread and long 
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term use of these agents, it is limited due 
to its side-effects, costs and poor long term 
compliance. Therefore, it is essential that 
non-pharmacological strategies prevent 
osteoporosis to continue to be evaluated 
(1). Evidences show that exercise therapy, 
without any side effect has mechanical as 
well as hormonal influences on bone 
structure and accumulation of mineral in 
regions of the bone undergoing loading. In 
addition, it strengthens muscles and 
improves balance, thus reduces the overall 
risk of falls and fractures (1). Although the 
biological processes in bone estrogenic 
reaction to mechanical loads are not 
completely known, yet findings reveal that 
these processes can be impaired with aging 
(8) and the bone formation can improve 
just by specific exercises. Despite 
numerous papers and researches regarding 
the effect of physical exercises on 
osteoporosis, many discrepant results have 
been reported. For example results of a 
study by Yoshinobu (2009) showed that 8 
weeks running on treadmill (15 meters/ 
minutes, 5 days/ weeks, 30 minutes/day) 
can increase femurs BMD of osteoporotic 
male rats while the same protocol with 180 
minutes duration decrease femur BMD (9). 
In another research conducted by Iyamoto 
(2009) in order to make a comparison 
among three different intensities of aerobic 
exercises, after 12 week of exercise, a 
significant increase in the tibia BMD and 
Mechanical strength of femur was 
observed in only EX1) 12 meters/minutes, 
1 hour/day protocol) compared with that in 
group control, while any significant 
increase in the L4+L5 vertebral BMD was 
not observed in any exercise groups 
compared with that the control group. 
However, there was no significant 
difference in a maximum breaking force of 
the L5 vertebral body among all the 
exercise and control groups (10). 
Furthermore, Joo et al (2013) showed that 
10 weeks exercise on treadmill can 
improve bone strength through increasing 
BMD, max load and cortical thickness 
(11). Accordingly, in order to compare the 
effects of 8 week endurance and resistance 
exercises,Aguiar (2010) study and Timo 
Hinrich et al (2010) showed that only 
resistance group increased the mechanical 
strength of femur; this study also showed 
different responses of two types of 
exercise therapy programs to mechanical 
features of osteoporotic rats’ femurs (12 & 
13). In contrast, the results of Rodrigues 
research (2013) showed the potential 
treatment effects of two endurance and 
resistance protocol on protecting bones 
from osteoporotic fractures (14). Despite 
the proving evidences of the positive 
effects of exercise therapy on bones in 
studies, the effective exercise principles on 
BMD such as frequency, duration and 
intensity have been not definitely 
confirmed (15). On the other hand, BMD 
as the most common method to assess 
bone is only one of the indices of bone 
health, while bone mechanical strength 
stems from the interaction of several 
different features. Moreover there are 
contradictory reports about the effect of 
exercise therapy on BMD and bone 
mechanical strength. In Lucas et al (2013) 
study, resistance exercise increase femur 
strength but no increase occurred in femur 
BMD (16). On the other side, due to the 
necessary non-invasive assessment of the 
human bone, these studies are focused on 
evaluation of effectiveness of exercise 
therapy on the (BMD) DEXA results. In 
the present study, a mechanical test which 
objectively measures bone resistance 
against breakage is applied beside DEXA; 
so that, in case of consistency of the both 
methods results, the result of DEXA can 
be implied with more certainty. Regarding 
the sensitivity of the weight bearing bones 
like femur to treadmill exercise, and also 
the topical exercises on waist, we 
investigated the site specific theory on the 
effect of exercise on bones. Thus the main 
purpose of the present study was 
comparison between the effect of two 
types of exercise therapies on femur and 
L4 and 5 BMD and Bone strength of 
Osteoporotic rats. 
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Materials and methods 
This study was a true experimental study. 
30 Wistar mature male rats with mean 
weight of 180-200 g were purchased. 
Animals were housed 3 to a cage and kept 
in a room with a temperature of 22 ± 2 ºC, 
relative humidity of 55 ± 5% and a 12h 
light and dark cycle. They were allowed 
free access to drinking water and they 
were fed by pellet feeding made by Karaj 
Behparvar Company. Their weight and 
received food were measured each day 
before exercises. 6 rats were killed in order 
to determine the normal bone parameters, 
then osteoporosis was induced 
experimentally in 24 other male rats by 
intraperitoneal injection of 20% alcohol (3 
gr / kg / day) for 3 week (17). The 
osteoporotic rats, at the age of 12 weeks, 
were stratified by weight and randomly 
assigned to the 4 groups (6 rats in each 
group): baseline group, EX1 (endurance 
group), EX2 (resistance group) and Con 
(control group). The two exercise groups 
completed 12 weeks of training, 5 days a 
week according to protocols. Endurance 
protocol included running exercise on a 
flat - bed treadmill for, 12meters/ minute, 
5 days/week, 10 minutes/day in the first 
week and increasingly up to 64 minutes on 
the 12th week. The one-week running 
familiarization protocol was 8 to 10 
meters/minutes, 5 days/week and 5 to 10 
minutes/ day (18). The animals of the 
resistance group were subjected to a 
progressive strength exercise, 5 sessions 
per week, for 12 week. Each session 
consisted of 8 climbing series on the 110-
cm vertical ladder angled at 80º, with a 
progressively heavier load fixed to the 
proximal part of the animal tail with Tape. 
A housing chamber was located at the top 
of the ladder and served as a shelter during 
the resting period. For each series, the 
animals had to make 8-12 dynamic 
repetitive movements to reach the housing 
chamber. In the ﬁrst two series, the load 
was 50% of the animal's total body mass; 
in subsequent series, the load was 
progressively increased to a ﬁnal load of 
100%. The rest interval between the series 
was 60 s. One week familiarization 
protocol with ladder was conducted before 
the main exercises that consisted of three 
trials per day for three days. In the ﬁrst 
trial, the rats were kept in the housing 
chamber for 60 s and then placed on the 
ladder, 35 cm from the top. In the second 
and third trial, the rats were placed in the 
middle and bottom of the ladder. Twenty-
four hours after the last training session, 
the animals were euthanized. Left tibia, 
right femur and L4+L5 were removed 
from surrounding tissue and kept in freezer 
in - 20 cº temperature. Before the tests, the 
bones were thawed at room temperature 
and moisturized with saline femur 
metaphysis BMD and L4+L5 BMD 
(gr/cm²) were measured by DEXA 
(LEXXOS, USA) in a radiology center. 
After densitometry, L5 were kept in -20 ºC 
temperature for mechanical test (11). The 
mechanical tests were performed in the 
biomechanics laboratory of the Tarbiat 
Modares University. The biomechanical 
properties of the tibia and L5 were 
determined using tensile and compression 
strength tests respectively in a universal 
testing machine (Zwick 2/5 HS Germany 
WN 150888). Each tibia was placed on a 
special holding device with two supports, 
located at a distance of 17mm. The tibias 
were loaded to failure in tensile test at the 
middiaphysis, with a speed of 0.1 mm/ 
second. In the L5 compression test, by 
removing the cranial and caudal ends of 
the specimens, a flat cylinder shape was 
obtained for compression test. The 
vertebral cylinder Sample was placed 
centrally on the lower smooth surface of 
steel disk. The compression force was 
applied by another steel disk with 2 mm/ 
minute speed. At the end of the 
mechanical tests, the values for maximal 
load (N) were obtained from load-
deformation curve. SPSS 20 were used for 
statistical analysis. All value were 
expressed as mean and standard deviation. 
ANOVA test was used to compare the 
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significant differences in BMD and bone 
mechanical strength among the exercises 
and control groups after 12 weeks of 
exercise. Paired t test was used to compare 
the significance differences in research 
variables, before and after the 12 weeks 
exercises.  A significance level of p<0.05 
was used for all comparisons. 
Results 
There was no significant difference 
between the body weights of groups 
(Table 1). The result of the study showed 
that BMD and bone strength signiﬁcantly 
decreased after the ethanol injection. As it 
is indicated at Table 2, 12 weeks 
endurance and resistance exercises caused 
significant increase in femur BMD 
compared with baseline values (P=0.001, 
P=0.000) while, there was not such a 
significant increase in control group 
(P=0.144). The L4+L5 BMD of two 
control and resistance groups had 
significant increase compared with 
baseline values (P=0.000 and P= 0.002) 
while this difference was not significant in 
endurance group (P = 0.235). Based on the 
ANOVA analysis, a significant increase in 
the femur BMD was observed in 
Resistance and endurance group compared 
with that in group control (respectively 
P=0.035 and P=0.001). In other hand , a 
significant increase in the L4+L5 BMD 
was observed in Resistance and  control 
group compared with that in group 
endurance(P=0.001 and P=0.001) while 
L4+L5 BMD of two control and resistance 
groups had no significant statistical 
difference (P=0.999). 
 
Table 1.  Physical parameters of the experimental rats. 
 Endurance (n=7)  Resistance (n=7)  Control (n=7) 
Baseline Post  Baseline Post  Baseline Post 
Age (week) 12 24  12 24  12 24 
Weight (gr) 246.50±17.62 393.50±16.59  249.67±15.42 404.17±12.36  250.83±18.65 408.67±8.82 
All data represent mean ± SD. Endurance, treadmill running exercised group. Resistance, progressive strength 
exercised group.  
 
According to table 3, a significant increase 
in L5 compression max load was only 
observed in Resistance and endurance 
group compared with that baseline values 
(P=0.001 and P=0.005). The Tibial tensile 
max load result showed that none of the 
endurance, resistance and control group 
had any significant increase compared 
with that baseline values (P=0.44, P=0.10 
and P=0.39). Based on the ANOVA 
analysis, only L5 compression max load 
(P=0.03) and Tibial tensile max load 
(P=0.01) of resistance group were 
significantly higher than control group.
 
Table 2. The Femur and L4+L5 BMD, before and after 12-week exercise.  
 Endurance (n=7)  Resistance (n=7)  Control (n=7) 
Baseline Post  Baseline Post  Baseline Post 
Femur  0.12± 0.019 0.19± 0.022  0.12± 0.019 0.21±0.006  0.12± 0.019 0.15± 0.032 
L4+L5  0.08 ± 0.018 0.10± 0.047  0.08 ± 0.018 0.26 ± 0.06  0.08 ± 0.018 0.26 ± 0.014 
All data represent mean ± SD. BMD, body mass index.  
 
Table 3. Mechanical properties in the Tibia mid-diaphysis and   L5, before and after 12-week exercise.  
 Endurance (n=7)  Resistance (n=7)  Control (n=7) 
Baseline Post  Baseline Post  Baseline Post 
L5 221.80 ±25.05 299.80 ± 34.28  221.80 ±25.05 346.07± 60.30  221.80 ±25.05 268.41± 37.65 
Left Tibia 50.00 ± 11.64 59.38 ± 15.98  50.00 ± 11.64 64.15 ± 12.18  50.00 ± 11.64 44.18 ± 9.73 
All data represent mean ± SD.  
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Discussion 
After 12 weeks, the femur BMD of 
endurance group increased in compare 
with control group. Moreover, L5 
compression, Tibial tensile max load and 
femur BMD of resistance group were 
significantly higher than control group. It 
shows that exercise can result in positive 
skeleton balance of animal, although the 
specific mechanisms by which exercise 
influences bone metabolism are still not 
thoroughly understood (20). Exercise is 
considered to play a crucial role in bone 
modeling and remodeling. Physical 
activity is an important lifestyle factor that 
has the potential to modify bone strength 
through its effects on bone mineral density 
and geometry (1, 21, 22). Our results 
indicated that the femur BMD and tibial 
tensile max load of indurance   group, 
were higher than control group but this 
increase was only significant in case of 
femur BMD. The effect of endurance 
exercise on increasing BMD of weigh 
bearing bones like femur has been reported 
by several studies (20, 14). These results 
of the present study are consistent and 
agree with Canus (23) and Moskild (24) 
who respectively   showed the effects of 8 
weeks and 4 months running on treadmill 
on increasing Femur BMD of rats. 
Furthermore, the present results are 
consistent with Iwamoto (2009) and Joo 
(2013) findings, regarding the increase of 
femur BMD and the no increase in L4+L5 
BMD. In contrast, the result of Borin 
(2010) study regarding the destructive 
effect of 11 weeks running on the treadmill 
with high intensity on skeleton system (25) 
and also Yoshinobu results show decrease 
in bone tissue of long bone due to 180 
minute exercise on treadmill are not 
consistent with our study. Shimegi stated 
that intensity and duration of exercise are 
effective on increasing BMD. The 
homogeneity of the duration of exercise 
programs with the present study can 
confirm the consistency of the results. The 
running exercise of moderate intensity 
with a proper duration at which a little 
fatigue is observed in the exercise muscles, 
is effective to increase bone mass and 
mechanical strength in the weight-bearing 
long bones. However, probably the 
inconsistency of some studies’ result with 
the present study’s might be due to the 
difference in intensity, duration and 
mechanical load of exercises which are 
important in bones remodeling stimulation. 
There exists thresholds and optimal levels 
in both the intensity and duration of the 
exercise  to improve the bones’ quality, 
while increasing these exercise principles 
higher than the standard level can have 
negative effects on bones’ quality (11).The 
local bone formation under the mechanical 
load, can justify the significant increase of 
femur BMD in endurance group compare 
with control. The result of this study 
showed that the femur BMD of endurance 
group significantly increase compare with 
control group while tibia max load , 
despite its increase compare with control 
group, was not significant. The differences 
in the bone tissue of the tibia, diaphysis 
and femur metaphysis can probably justify 
the difference results in the two bone 
areas. Studies have shown that, high blood 
flow of metaphyseal spongy tissue causes 
increasing the metabolic activities of this 
tissue and also its mechanical loading; thus 
this tissue is more effected by physical 
exercises rather than the cortical diaphysis 
tissue (9).  Another part of the results 
reveal that L5 compression max load of 
endurance group has had no significant 
difference with control group and L4+L5 
BMD has had a significant decrease 
compare to the two resistance and control 
group. Tibia and femur bones in rat are 
different from vertebrae, regarding their 
position in the body; thus during the 
exercise on treadmill, most of the 
mechanical load is imposed on them rather 
than the vertebrae, the results show that 
The adaptive response of bone to exercise 
differs between regions (11) and findings 
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suggest that bone adaptation to treadmill 
exercise is site specific (1). Their results 
showed that L5 compression   and Tibial 
tensile max load and BMD femur of 
resistance group were significantly higher 
than control group. It is clear that the 
weight bearing exercises increase the 
BMD in human and animals. These 
findings are consistent and agree with 
many previous studies in this area (12). 
Our findings are consistent with Romeo 
(2013) results, with regard to the increase 
in BMD femur, also with Notomi (26) who 
showed that the resistance exercise can 
increase periosteal bone formation 
parameters of femur of rats.  Specialized 
researches show that exercise can probably 
increase tibial tensile strength through 
improving the collagen network 
organization and biomaterial bone 
properties (27). There are many 
probabilities regarding the effects of 
resistance exercise on increasing the bone 
mechanical strength and BMD which 
include: decreasing bone resorption by 
reducing the number of the osteoclasts and 
increasing bone formation by increasing 
osteoclasts’ number, optimized mechanical 
load in resistance exercises, high strain 
rates and unusual strain distributions (1). 
The significant increase in L5 max load of 
resistance group, confirms the site specific 
theory of the exercise effect on waist. local 
exercise was applied on rats’ waist by 
attaching a weight to animal’s tail which 
resulting mechanical  loads on the lumbar 
and results in strain of lumber and 
stimulation of the  bone to respond to these 
new needs by new shaping, thus L5 max 
load would increase.  It seems that these 
exercises in human, especially on the core 
area, besides reducing the Spinal curvature 
deformity by improving the bones’ 
strength, the balance can also be improved 
through strengthen the core stability and 
prevent falling and fractures (5, 6). The 
results of the resistance exercises on tibia 
diaphysis and vertebrae show that this 
exercise can be effective on both types of 
cortical and trabecular tissues by 
optimized mechanical loading (27) and 
resistance exercise can probably effect on 
both bones’ tissue. Another finding 
showed an inconsistency between the 
result of BMD and L5 load max of 
resistance group which reveals the 
necessity to consider different bone’s 
assessments. Despite that BMD is the gold 
standard for diagnosis osteoporosis, this 
measure is only able to provide insights 
regarding the quantity of bone tissue. (21). 
However the Limitations of study design 
and use of non-invasive technologies in 
human, inevitably leads to the use of 
DEXA. 
Limitations 
Although the present study has offered 
some answers to some questions regarding 
bones’ parameters, yet there are still many 
unknown ones. Besides, considering the 
different results of the mechanical 
assessment test (invasive) and DEXA 
(non-invasive), it should be mentioned that 
an extended volume of the present 
knowledge about the effect of exercise 
therapy on bone have been obtained via 
DEXA method, yet its limitations should 
be studied (14). 
Conclusion 
The results of two exercise therapy 
programs reveals that endurance exercises, 
only increase the BMD of long weigh 
bearing bones of osteoporotic rats, but the 
resistance exercise can lead to effective 
changes in BMD and bones’ mechanical 
strength of osteoporotic rats. Thus it is 
probably possible to apply this exercise 
therapy in order to improve bones strength 
of osteoporotic people. 
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